Shigella sonnei causes foodborne infections, but has recently also been described as a sexually transmitted infection (STI), with increased levels of antimicrobial resistance.
Summary
Shigella sonnei causes foodborne infections, but has recently also been described as a sexually transmitted infection (STI), with increased levels of antimicrobial resistance.
We describe three cases of sexually acquired Shigella sonnei infection -the first report of this emerging infection in Switzerland. We used in-house whole genome sequencing (WGS) to investigate possible transmission routes and epidemiological correlations between the three cases. The genomic analysis demonstrated that two of three case isolates were very closely related, with only two single nucleotide polymorphism differences between them, despite being isolated from two unrelated patients at time-points six months apart, and the infections having been acquired at different geographic locations within Europe. All three isolates were found to fall within two of the clusters (1 and 7) defined within UK men who have sex with men (MSM) isolate populations, but with higher divergence, suggesting a more diverse pool circulating within Europe. Phenotypic testing confirmed the genotypic findings, with all three isolates azithromycin resistant, and two out of three resistant to quinolones.
Introduction
Shigellosis is a well characterised foodborne infection, classically associated with diarrhoea after travel to endemic countries. Infection requires an exceptionally low infectious dose of 10 or fewer bacteria [1] . Since 2001, cases of sexually transmitted Shigella spp. among men who have sex with men (MSM) have been reported with increasing frequency, becoming an important public health problem in many countries [2, 3] . Several possible explanations are proposed: changes in sexual practices, such as from orogenital to direct or indirect oroanal intercourse; practicing chemsex, which disinhibits sexual behaviours [2] ; and human immunodeficiency virus (HIV) pre-exposure prophylaxis (PrEP) which may play a role in reducing condom use [4, 5] . Increasing antimicrobial resistance in Shigella spp. has also been reported [2, 6, 7] .
We report for the first time in Switzerland, three cases of sexually transmitted Shigella sonnei infection in MSM, diagnosed in Basel but acquired from three different geographic locations. The isolates were characterised by phenotypic antimicrobial susceptibility testing (AST), and whole genome sequencing (WGS). Author contributions These first authors contributed equally to this article: VL and HSS.
Case descriptions
These senior authors contributed equally to this article: DG and AE.
Case 2, May 2017
A 33-year-old male presented to the emergency ward with watery diarrhoea with mucus of 8 days duration, and nausea. The frequency of bowel movements was 10 to 20 times a day, reduced to 5 times per day through self-administered loperamide. Two weeks before, he had travelled to Berlin and visited a club with, according to the patient, a known risk of Shigella infection. On clinical examination, the peristaltic sounds were regular, the patient had no abdominal pain and was afebrile. As the patient stabilised and his general condition improved, no antibiotic therapy was initiated.
Case 3, May 2017
A 25-year-old male presented to the emergency ward complaining of profuse diarrhoea of 5 days duration, which had turned bloody 1 to 2 days earlier. He had recently been exposed to risk situations due to unprotected active anal and oral sex in Gran Canaria, but denied engaging in chemsex. During the previous month, the patient had received post-exposure prophylaxis against HIV consisting of tenofovir/emtricitabine/dolutegravir over 4 weeks. The patient was empirically prescribed oral ciprofloxacin 500 mg twice daily and probiotic Bioflorin ® three times daily for 5 days, after which symptoms resolved.
Consent for publication
Informed consent was obtained from two of the three patients. The third was "lost to follow up" as he moved out of Switzerland.
Materials and methods

Microbiological analysis
S. sonnei isolates were identified by performing Vitek ® 2 GN ID (bioMérieux, Marcy-l'Étoile, France) on red colonies growing on BD ™ XLD agar (Xylose-Lysine-Desoxycholate Agar; BD, Allschwil, Switzerland), confirmed by Wellcolex ™ Colour Shigella agglutination (Thermo Fisher Scientific, Waltham, MA, USA). Minimum inhibitory concentrations (MICs) for an extensive panel of antimicrobials were determined with Etest ™ strips (bioMérieux, Marcy-l'Étoile, France) and EUCAST [8] breakpoints used for the interpretation of MICs, except for tetracycline and doxycycline which were interpreted according to CLSI [9] .
Genomic analysis
The genomes of the three isolates were sequenced as described [10] , with seven unrelated clinical isolates, each providing over 50-fold coverage. Phylogenetic analysis in CLC Genomics Workbench v 9.5.3 mapped against reference strain Ss046 chromosome (accession CP000038), variants called at 10 × minimum coverage, 10 minimum count and 70% minimum frequency. Single nucleotide polymorphism (SNP) tree generation used a neighbourjoining method: minimum coverage 10, minimum coverage 10%, minimum z-score 1.96, multinucleotide variants included. ResFinder was used to identify genomic antibiotic resistance determinants [11] .
Results
Phylogenetic analysis shows that two isolates (cases 1 and 2) were very closely related, differing by only two single nucleotide polymorphisms (SNPs), Gly-Ala replacement at codon 99 of a ribonucleoside hydrolase and a premature stop codon within a hypothetical protein. The third isolate (case 3) diverged from these by approximately 340 SNPs. All ten Swiss sequenced isolates belonged to the globally dispersed lineage III [12] . The case isolates fell within the previously identified MSM-related UK clusters [13] , with case 1 and 2 isolates 16 SNPs from cluster 7, and case 3 isolate 12 SNPs from UK cluster 1 ( fig. 1 ).
Genomic antibiotic resistance determinants concur with the phenotypic results (table 1). All three case isolates possessed conjugative plasmid pKSR100 [6] , which is found only in MSM lineages ( fig. 1) , and carries resistance determinants erm(B) and mph(A) for macrolides, and bla TEM-1 for β-lactams. Isolates from cases 1 and 2, unlike the rest of cluster 7, carried this plasmid, as well as the pKSR100 integron, with dfrA17 for trimethoprim, sul1 for sulphonamide and aadA5 for spectinomycin resistance. The case 3 isolate, like all other cluster 1 isolates, carried a plasmid similar to the conjugative pEC3I [15] with dfrA1 for trimethoprim, sul2 for sulphonamide and aadA1 for streptomycin and spectinomycin resistance. Plasmid pSpA was found in cases 1 and 2 and all cluster 7 isolates, and is otherwise stochastically distributed in the phylogeny, carrying strAB for streptomycin, sul2 for sulphonamide and tet(A) for tetracycline resistance. The isolate from case 3 carried a chromosomal tet(B), and case 1 and 2 isolates carried quinolone resistance mutations: S80I in ParC and S83L and D87G in GyrA. The 214 kb virulence plasmid which characterises Shigella, pSS_046, was not identified in any of the case isolates ( fig. 1 ), but is known to be unstable during culturing and is often absent from whole genome data [12] .
Discussion
WGS provides highly discriminatory molecular typing for investigating outbreaks of Shigella spp. [13] . Two of the isolates (cases 1 and 2) were very closely related, with only two SNP differences between them. However, they are unlikely to have resulted from direct transmission as: the case dates were more than 6 months apart; they were assumed to have been acquired at two different geographic locations (Berlin and Paris/Munich); and the estimated substitution rate of S. sonnei genomes is 2.2 SNPs per chromosome per year [12] .
MSM-associated lineages have been defined within Shigella flexneri serotype 3a (with isolates from the UK, France, Canada and Australia); S. flexneri serotype 2a (UK, France) and S. sonnei (UK, France), displaying higher than normal levels of antimicrobial resistance related to the presence of specific mobile elements including pKSR100 [6, 14] . The cases found in Switzerland are related to MSM clusters identified in the UK [13] , although with more genomic diversity, suggesting a more diverse pool circulating more widely within European MSM communities. Very recently published genomes from the UK and France extend this pool of diversity [14] , but are not more closely related to Swiss cases than those described here (data not shown).
The epidemiology of shigellosis in the MSM population in Europe is largely unexplored, because of lack of surveillance and reporting on this issue. Detailed data are only available from the UK [6, 7, 13, 14] , which has led to targeted public awareness campaigns, and may be responsible for the observed drop in Shigella cases among the MSM group in the latest reports (2016) [16] . Our report details the first European cases that we are aware of, outside the UK and France.
Plasmids, especially self-mobile conjugative plasmids, are involved in increasing antimicrobial resistance. All three case isolates carried pKSR100, previously identified in MSM-related S. flexneri [6] , which carries mph(A) encoding a macrolide-inactivating 2′-phosophotransferase, explaining the very high azithromycin MICs (table 1) . Selective pressure to gain and retain this plasmid may come from single dose azithromycin injections for genital chlamydiosis, which could be subtherapeutic for invasive shigellosis. Isolates from cases 1 and 2 carried chromosomal quinolone resistance mutations, which also confirmed phenotypic AST findings. The identified aadA1, aadA5 and strAB genes confer resistance to spectinomycin and streptomycin, but not to other aminoglycosides such as tobramycin and amikacin which, as expected, tested susceptible in all three case isolates.
The current Infectious Diseases Society of America (ID-SA) clinical practice guidelines for the diagnosis and management of infectious diarrhoea recommend ciprofloxacin and azithromycin as first choice and trimethoprim-sulphamethoxazole or ampicillin as second choice for non-in- The phylogenetic analysis was performed in CLC Genomics Workbench v. 9.5.3, mapping against reference strain Ss046 chromosome (accession number CP000038), variants called at 10 × minimum coverage, 10 minimum count and 70% minimum frequency. SNP tree generation used the following parameters: minimum coverage = 10, minimum coverage % = 10, minimum z-score = 1.96, MNVs (multinucleotide variants) included, and used a neighbour-joining method. Lineage III sample ERR025749 [12] is an outgroup. UK MSM isolates (beginning SRR) [13] defined clusters 1, 2, 3, and 7. Clusters 1 and 3 were redefined as S. sonnei MSM sublineage 4 in [14] . Within cluster 1, 37 SNPs were identified, and 22 within cluster 7. SNPs between case 1 and 2 isolates cause Gly-Ala replacement at codon 99 of a ribonucleoside hydrolase, and a premature stop codon within a hypothetical protein. Unrelated clinical S. sonnei isolates are included for context ("outgroup"). To the right of the phylogenetic tree, aligned with the isolates, the clusters numbers of UK MSM isolates are shown, and the presence (purple) or absence (yellow) of plasmids as defined by mapping (pSS_046, CP000039; pSS046_SpA, CP000641; pKSR100, LN624486; pEC3I, KU932021; 53G pB, HE616530; 53G pC, HE616531): considered as present when reads map to over 85% of the length. Antimicrobial resistance determinants carried by each plasmid are also indicated. vasive shigellosis [17] . Based on our findings, and results of other similar studies, the empirical use of quinolones, azithromycin or trimethoprim-sulphamethoxazole should no longer be recommended for shigellosis in the MSM population.
Conclusion
WGS is a valuable tool for epidemiological investigation of shigellosis. Preventive and educational measures in the MSM community are necessary in order to reduce Shigella spp. infections in the future. Clinicians need to be aware of this transmission route, and therapy should always be guided according to antimicrobial susceptibility testing.
Read data has been deposited with the European Nucleotide Archive (ENA) (https://www.ebi.ac.uk/ena) under project number PRJEB23646. 
